This paper provides a Best Estimate validation calculation with a coupled thermal-hydraulic and 3D neutron kinetic model for Ascó-II Nuclear Power Plant. Common NRC codes have been used for its purpose. TRACE is the code used for the thermal-hydraulic system calculations; PARCS is the code used for the 3D neutron kinetics calculations. Cross section calculations were performed with the HELIOS lattice physics code, finally GenPMAXS was used to convert the cross section into the PARCS format. A simplified three dimensional 3D neutronics model of the ASCO II NPP is used as a core kinetics model. A 3D cylindrical thermal-hydraulic vessel plus 1D representation of the remainder of the full plant model is used as the thermal-hydraulic model. The transient selected to ensure the model validation is an actual 50% Loss of Load. This transient is characterized by space-time effects and was used to validate different thermal-hydraulic system models for the GET university group in the past. The scenario is also good to ensure the validation of a coupled 3D neutron kinetics code since it provides a transient situation between two stable regions at 100% and 50%. From the current code versions used, some source code modifications have been carried out in order to ensure the correct feedback between thermal-hydraulic and neutron kinetics code. In that sense, a dynamic control rod movement between TRACE and PARCS has been implemented. This is a complete control rod position feedback during transient scenarios. After all the work was performed, the important TH and NK time trend parameters were compared to the plant data and the comparison was reasonable with some discrepancy, thus the developed system models and the code modifications are robust enough to be used for future safety analysis. New coupled code capability has been tested and found as a required capability, when validating 3D NK-TH coupled calculations.
INTRODUCTION
A validation process of a 3D NK-TH model for Ascó NPP [1] is presented in this paper. The new Ascó-II NPP model for TRACE has been created from the RELAP5 model. TRACE [2] is a TH system code with 3D simulation capabilities. TRACE is coupled to PARCS [3] for reactor physics modeling. HELIOS-1.9 [4] and GenPMAXS [5] were used respectively for cross section generation and conversion into PARCS standard format. The Thermal-Hydraulic Studies Group of the Technical University of Catalonia (GET-UPC) has a long experience in the use of thermal-hydraulic (TH) system codes in the support of plant operation. The group has developed, maintained and improved a RELAP5 model for Ascó-II NPP that has more than twenty years of validated tests for a wide range of transients [7] , [8] , [9] , [10] . The model is a simplified one-dimensional (1D) representation of the plant with a point-kinetics representation of the core neutronics and the core geometry being represented by a single pipe component and two types of heat structures, one for the "hot channel" and the other for the "average channel". Despite the simplicity of the nodalization, the results obtained with this model have shown very good agreement with actual plant data and scaled experimental results. The mentioned model has also been used in several fields of thermal-hydraulic research for the GET group, such as the work performed in the scaling field, see [11] and [12] .
The main features of the TRACE-PARCS model as compared to the RELAP5 model are; the 3D representation of the reactor pressure vessel (RPV) and core; the more detailed representation of the core (one heat structure for each fuel assembly); and the introduction of 3D neutron kinetics. A detailed explanation of each model is described in the following sections. Any plant model needs to be validated against actual data. The TRACE-PARCS model of Ascó NPP it is going to be used in a BEPU (Best Estimate Plus Uncertainties) analysis. The model will be also compared against a BE (Best Estimate) analysis and a Conservative analysis, see [13] , [14] , [15] . The qualification of the model is a step needed to ensure the validity of analyses.
A widely used actual load rejection transient has been selected for the validation. This transient is characterized by time effects and involves several critical plant features such as logics, primary and secondary circuit basic time trends, and power generation. This transient may help validate both the thermal-hydraulic and the neutron kinetics models because of its unique features. Control rod behavior is quite relevant in this transient, since the control rod banks are automatically inserted to achieve the final stabilization. Such control rod movement had been successfully simulated in the validation process of the existing RELAP5 model using the inherent capabilities of the point-kinetics model. In the current TRACE-PARCS code such capability is not enabled. One of the big challenges of the validation has been to ensure the movement of the control rods as a function of the output variables of the involved control system logics.
Validation process was concluded by benchmarking with other models and with plant data. The RELAP5 model is the one that has undergone the most extended qualification process; it has been used in DBA analysis over the last twenty years. It was good when compared to the TRACE point kinetic model, since the thermal-hydraulic model is essentially the same as the TRACE-PARCS model with slight modifications concerning the vessel, core power and heat structures. The validation process against the RELAP5 and TRACE point kinetic models was done step by step: first the thermal-hydraulic model is validated (RELAP5 vs. TRACE point kinetics), and thee the PARCS 3D neutron kinetics model is validated.
MODELS
Nuclear system coupled calculations involve a minimum of two codes: a Neutron Kinetics (NK) code, for simulating the core behavior, and a Thermal Hydraulic (TH) code for the coolant system modeling. PARCS and TRACE are respectively the codes chosen for this study. The models are described in this section.
TRACE model
Ascó NPP is a 3 loop PWR with a thermal power of 2900 MW in its cycle 13 [1] . The TRACE model reproduces completely the whole nuclear steam supply system. TRACE V5 patch2 [2] , is the version of the code used in the present study. In a coupled NK-TH code calculation, the most relevant part of the thermal-hydraulic model is the RPV. The 3D cylindrical VESSEL component of TRACE has been implemented to represent the RPV. The vessel model has 15 axial layers, 6 azimuthal sectors and 5 radial rings. The three lower axial levels represent the lower plenum. The next six axial levels represent the active core (central regions), the core bypass, and the down comer (external region). The top layers describe the upper head and the upper plenum of the vessel. Figure 1 shows an axial cut of the vessel representation. The core region consists of 6 axial nodes (layers). Each layer of the axial core region (lighter area) is subdivided into 18 TH cells formed by overlapping three rings and six sectors. Outer rings represent the down comer and the bypass along the active core height. The height of each active core axial node is 0.609 m. The total active core axial height is 3.654m. Below and above the active core region, the thirty TH cells formed by overlapping the azimuthal sectors and radial rings represent different volumes of the RPV, as stated above. The rest of the 1D plant model remains typically the same as for a non-coupled system calculation, with a separate representation for each of the three loops. The Main Feed Water and Auxiliary Feed Water systems are modeled for each loop. In terms of the safety injection systems, there are three accumulators, three LPIS and three HPIS systems, the latter six are modeled with FILL components. Finally a control block system with more than 700 components is included, based on our previous RELAP5 Ascó model. The aim of the control block system is to reproduce accurately the plant response to different transients. Table 1 shows the TH model specifications in terms of the quantities used for the components. 
PARCS model
Ascó NPP core neutronics is modeled with PARCS v3.0 [3] . Each of the 157 fuel assemblies (all with a 17x17 pin array) is represented by one node in the radial plane which, by adding 64 radial reflector nodes, sums up to 221 radial nodes per axial level. Axially the fuel region is divided into 24 + 2 nodes, 24 for the core active region and 2 for the bottom and top reflectors. The height of the nodes is large in the central region and smaller in the lower and upper regions, in order to reproduce accurately the flux and thus the cross-section variation along the core length. In terms of the cross-section library, considering the different types of fuel and burn-ups, and the 6 control rod banks, 648 + 2 different compositions result. The cross-section library, containing two-group cross sections, has been generated with the lattice physics code HELIOS-1.9 [4] using plant specifications for cycle 13 [1] . U. Also the newest FA contains burnable absorbers, with varying Gd 2 O 3 concentration from 2.0% to 8.0% depending on the FA. Each FA has 264 fuel pins plus 25 Guide tubes. All the crosssections have been generated as a function of moderator temperature, fuel temperature, moderator density, boron concentration and the insertion of control rods. The ranges of the thermal-hydraulic feedback parameters have been selected in order to cover both initial steady-state and expected transient conditions.
Coupled model
The thermal hydraulic model has been set up to meet the requirements of the neutronics model. There are 157 Heat Structures (HS) in the core region, each one representing one FA. There are 18 radial thermal-hydraulic cells in each axial thermal-hydraulic layer in the core region. Figure 3 shows the assignment (mapping) in a radial plane, of the active core and reflector TH cells to the neutronics nodes. Every different color area represents a thermal-hydraulic cell. In terms of the axial nodalization, the 24 non-equidistant axial nodes of the neutronic model are equivalent to those of the HS; however, only 6 equidistant nodes exist in the hydraulic model. Consequently the axial mapping between the HS nodes and each neutronic node is one to one, whereas several neutronic and HS nodes are linked to one single thermal-hydraulic node. So, several neutronic nodes are receiving the same thermal-hydraulic information whereas, one thermal-hydraulic node is receiving averaged power information from different neutronic nodes. 
DYNAMIC CONTROL ROD MOVEMENT IMPLEMENTATION IN TRACE/PARCS
The transient selected for code validation (a 50% load rejection) involves the automatic movement of the control rod banks. The code versions used, TRACE v5.0 patch2 [2] and PARCS 3.0 [3] did not allow the movement of the control rods as a result of the reactor control logics. In previous analyses the control rod position had to be pre-assigned by means of a table in terms of position vs. time. In order to simulate the automatic movement of the control rods, the TRACE and PARCS source codes have been modified. Different analyses have been performed in this field using different coupled codes [16] . A similar task was performed in [16] with RELAP5/PARCS v 2.7 which preceded the work reported in this paper using the TRACE/PARCS coupled code. With the modifications, the position of each PARCS control rod bank is made dependent on TRACE's control variable output. Several tests have been performed to ensure the code is able to run normally with the implemented modifications, and that none of the previous capabilities has been disabled. Once the code modifications were tested, a control system was implemented in the TRACE model which checks the different parameters from the simulated plant and computes the control rod banks position (inserted steps) every time step. Even the scram signal is now controlled by TRACE. At each time advancement step, the information of the inserted steps for each of the control rod banks is conveyed to PARCS. With these modifications, the new compiled code has the capability of dynamic control rod movement and the coupled TRACE/PARCS model is ready to be validated.
50% LOSS OF LOAD EVENT DESCRIPTION
The 50% load rejection transient chosen for the analysis was performed as a start-up test of Ascó-II at the beginning of cycle 13, in 1999. The initiating event is a manual turbine load reduction from 100% to 50% at 200%/min maximum rate. There is no other manual action apart. Table 2 shows the time of occurrence of the main events. There are no boundary conditions imposed on the model, since the validation of the model is perceived to be achieved at the end of the calculation. It is expected that all the plant systems behave properly using the new model in order for it to be validated. Figure 5 illustrates the total nuclear power time trend: power decreases from a steady full power situation and stabilizes again at 50% of the total power. Figure 6 shows the control rod bank D movement (this bank is the first to be inserted in the core). The evolution of the pressurizer pressure along the transient is displayed in Figure 7 . The evolution of other interesting parameters is plotted in figures 8 to 11: pressurizer water level, secondary pressure and flow rate in one steam generator, and the average core temperature. The figures selected in this section are sufficient to illustrate the transient; nevertheless other relevant parameters in other to validate the model are plotted in the following sections.
ASSUMPTIONS OF THE MODEL
All the safety systems are postulated to function properly in the present study as it was expected in the plant during the tests. Beginning of life conditions for the core kinetics parameters were selected [1] , according to the situation of the plant. There is no recorded information on pressurizer heater behavior. For the analysis it was assumed that fixed heaters 1 and 2 remain on during the transient. Heat from these heaters is compensated by the partial opening of the pressurizer spray valves.
STEADY STATE CALCULATION
To execute a transient calculation, several steps prior to the calculation are required. The first step is to run a steady-state TRACE standalone calculation (i.e. using only the thermal hydraulic model, with the power imposed by an input table) to stabilize the plant flow parameters. The second step is a coupled steady state calculation, restarting from the previous calculation, with the 3D neutron kinetics code in steady state mode. As a result, all the parameters affecting neutron kinetics (fuel and moderator temperature, boron density and moderator density) are taken to have 0.0 reactivity at full power. Coupled full plant stabilization is the objective of this calculation. Once all the plant parameters are in steadystate, both codes are run in transient mode. In this calculation a short null transient has been run before enabling the actuation of the control rod positioning system, so as to ensure that the power computed in transient mode is also stable as in steady state conditions. At the end of the null transient, the control rods position in the model is slightly different than in the plant; nevertheless, this fact does not noticeably affect the performance of the model during the transient, since the reactivity of the control rods is quite small when they are only inserted a few steps. This difference is attributed to the cross section library calculation and the information exchange between the two codes. 
TRACE/PARCS RESULTS
Once the steady state conditions are reached, a transient analysis is performed. After a preliminary analysis, some inaccuracies in the model output were identified, especially regarding the control rod position. A delay on the control rod movement was identified as one source of uncertainties in the problem. The phenomenon was detected and isolated, and several causes were identified as triggers of the discrepancies: coarse TH nodalization, malfunction in TRACE/PARCS information exchange; wrong PARCS behavior when control rod insertion velocity is low; and finally, XS set bad prediction. Two results are compared with the plant data in this section: TRACE/PARCS XS1 and XS2. Acronym XS1 identifies the original cross section sets whereas XS2 identifies a modified set with modified absorption coefficients. In order to reduce the control rod position discrepancies, the absorption cross section coefficients have been modified by increasing their original computed value by 10%. The comparison is useful to illustrate how some deficiencies in the cross section set can cause a large discrepancy of the coupled calculations predictions. The authors agreed to use the modified cross section set due to the fact that more accurate results were shown after the modification. The cross section modification was determined using the authors experience in neutron kinetics and BEPU calculations. Besides that issue, the other TH values are fitting reasonably well to the plant data. Plots in this section compare the results obtained with TRACE/PARCS model to plant data. Total power time trend can be seen in Figure 5 . Figure  6 shows the position of the control rod of bank D, which is the first one to be inserted in the core. In Figure 7 and Figure 8 pressurizer pressure and water level are compared to plant data. Secondary side main features are compared in Figure 9 and Figure 10 ; the former shows the SG2 pressure evolution and the latter the vapor production rate. A small deviation in the initial secondary side pressure results from a gap between measured and computed values. Results of the other loops, not represented here, show the same agreement with plant data for these parameters. Figure 11 illustrates the good behavior of the average temperature in the loops.
In order to assess the ability of the PARCS 3D kinetics model to capture the radial power distribution, a steady-state comparison is made in Figure 12 between the TRACE/PARCS prediction and the data supplied by the core designed [1] . In Figure 13 the percentage of each FA relative deviation between both sets of data is shown. The average deviation is ±5.86%. Summarizing, it can be stated that there is a fair agreement between the model and the plant data. Some small differences can be explained by the nodalization approximation of the model. Fuel Assembly comparison will provide meaningful information on the quality of the developed model. Total power time trend is compared in Figure 14 ; here TRACE/PARCS and RELAP5 behave similarly. Deviations from plant data is observed in the prediction of the control rods position, Figure 15 . Such discrepancies are attributed to the cross section library accuracy and also to the information exchange coding from TRACE/PARCS, more investigation needs to be done in this area, the conclusions section gives a list of improvements and fields of study in order to test and correct this issue. Pressurizer parameters are compared in Figure 16 and Figure  17 . Very good agreement is seen in terms of the pressurizer level but some discrepancies are detected in pressure time trends. Such differences are attributed to the degree of detail in the pressurizer control logic also to the malfunction of the pressurizer heaters in the coupled calculation; again some research over the source code needs to be performed here. Also these discrepancies are thought to be related to some unrecorded manual actions, such as valve operation, that were performed at the end of the transient and that have not been simulated. Finally, secondary side main features are compared in Figure 18 and Figure 19 . All models have difficulties in predicting the evolution of the secondary pressure. Nevertheless, main feed water, vapor mass flow rate and steam dump behaviors are very close to the plant data. 
CONCLUSIONS
The TRACE/PARCS model has shown a good agreement with the plant data in the simulation of the 50% Loss of Load transient. The comparison with the results from other models is meaningful and helpful for the qualification of the TRACE/PARCS model. The first step in the validation of the TRACE/PARCS model is considered successful. Nevertheless, to achieve the same level of qualification of the RELAP5 model, the new model needs to be validated using a large library of cases. For 3D kinetics validation, the dynamic control rod movement is necessary in order to validate any model and calculation performed. TRACE/PARCS source code modification performed to allow logic control of the control rod banks has shown a good performance. The implementation will be useful for future use in the area of transient analysis involving relevant control rod contribution. Among these transients are other startup tests and transients, necessary for the control system adjustment, and operational transients. This new capability should be taken it into account by the developers of the codes in future released versions. The possible sources of deviations have been identified and constitute the basis of future work and developments in order to improve the model. Further model improvements are related to: XS library accuracy, control rod movement logics in TRACE, TH vessel nodalization, rod cusping correction effect, and exchange of information between the two codes. An ongoing work consist in compiling a more detailed XS library containing an assessment of uncertainties for the neutron kinetics parameters. The present model, explained in this paper, will benefit from this task in the future. 
